Introduction {#sec1}
============

In total hip arthroplasty (THA), optimum component position is critical for long-term success of the operation by decreasing rates of wear, aseptic loosening, and dislocation \[[@bib1], [@bib2], [@bib3], [@bib4]\]. Recognizing the importance of acetabular component position, Lewinnek et al published a "safe zone" of 5° to 25° for anteversion and 30° to 50° for acetabular abduction based on their experience with dislocations after posterior THA \[[@bib5]\]. This still serves as the standard for ideal acetabular component position but has been called into question given the importance of the spinopelvic relationship \[[@bib6],[@bib7]\]. In addition to acetabular component position, emphasis has also been placed on femoral component positioning.

Historically, surgeons have identified the importance of keeping the femoral component out of varus because of increased rates of failure with varus cemented femoral stems \[[@bib8],[@bib9]\]. With the use of cementless femoral fixation, varus positioning of the femoral stem has not been shown to lead to the same increased failures \[[@bib10]\]. However, as compared with cemented femoral stems, many cementless femoral stems provide less ability to adjust the version of the component as a stable press-fit requires the stem to adapt to the proximal geometry of the native femur. Consequently, recent attention has been given to the combined version (CV) of the acetabular and femoral components, with the goal of improving impingement-free range of motion and decreasing instability \[[@bib11], [@bib12], [@bib13]\]. The concept of CV was originally introduced by Ranawat, and he described the use of the "Ranawat sign" to determine CV intraoperatively when using the posterior approach \[[@bib14]\]. While no optimum femoral version has been described, Dorr proposed a CV safe zone of 25°-50° based on previous anatomical studies and his experience with decreased instability in this range \[[@bib15]\]. More recent studies have attempted to quantify a combined anteversion that minimizes impingement \[[@bib16],[@bib17]\].

Native femoral anteversion can vary a great deal, and intraoperative judgment of femoral component version can be difficult. Using preoperative computerized tomography (CT) scans of a group of 46 patients scheduled for primary THA, Bargar et al \[[@bib18]\] found a large range of native femoral version from 6° of retroversion to 33° of anteversion. Dorr et al compared the surgeon's estimate of femoral component anteversion in the posterior approach with the postoperative CT measurement of version and found a poor precision of the surgeon\'s estimate with a correlation coefficient of only 0.688 \[[@bib19]\]. In addition, this study found that only 45% of the femoral stems landed within the desired range of 10°-20° of anteversion.

In direct anterior total hip arthroplasty (DA-THA), femoral component broaching and insertion occurs while the patient is positioned supine with the leg fully extended, and the leg below the knee is often draped from the surgeon\'s view. Despite published results of comparable patient outcomes from the DA-THA with other THA approaches, some have questioned the ability to appropriately orient the femoral component with respect to femoral anteversion, via this approach \[[@bib20], [@bib21], [@bib22], [@bib23]\]. Previous studies have reported on improved acetabular component positioning in DA-THA \[[@bib24],[@bib25]\]. However, no prior study, to our knowledge, has examined the combined anteversion of the femoral and acetabular components in DA-THA. This study aims to analyze the combined femoral and acetabular anteversion with cross-sectional imaging and quantify this relative to the CV "safe zone" described by Dorr.

Materials and methods {#sec2}
=====================

After obtaining institutional review board approval, patients were approached for enrollment in the study. An patient who was undergoing a primary DA-THA from the senior author (JBM) was a candidate for enrollment. Patients with femoral or acetabular hardware were excluded from this study. Thirty consecutive patients were enrolled in the study. Four blinded observers independently recorded the measurements (2 fellowship-trained arthroplasty surgeons, one hip and knee fellow, and one orthopaedic resident). All implants were positioned using intraoperative fluoroscopy based on preoperative templating. A CORAIL femoral stem (DePuy, Warsaw, IN) and a PINNACLE acetabular cup (DePuy, Warsaw, IN) were used for all the cases. The senior author standardized intraoperative images by matching the anteroposterior (AP) pelvis fluoroscopic view with the preoperative AP pelvis standing radiograph.

One month after surgery, all patients had a standing AP pelvis and a cross-table lateral radiograph taken, which were used for acetabular component position measurement. Abduction and anteversion measurements of the acetabulum were made from the digital radiograph using the TraumaCad (Voyant Health, Columbia, MD) hip abduction measurement tool. Femoral component position measurements were taken from limited supine CT scan of the hip and knee with 2.5-mm cuts (General Electric BrightSpeed, Fairfield, CT). CT was not selected for acetabular component position to minimize patient radiation exposure. Angular measurements were calculated using the axis of the top of neck of the femoral stem relative to both the posterior condylar axis (PCA) and the transepicondylar axis (TEA).

The CV was then calculated for the TEA and the PCA by adding the femoral anteversion calculated from the CT scan with the anteversion measured from the standing AP pelvis radiograph.

Statistical analysis {#sec2.1}
--------------------

Measurements from the 4 observers were combined, and the mean and standard deviation were calculated. The Pearson correlation coefficient was also measured for each observer, with the kappa values reported, and compared with the group for all measurements. The mean for each measurement was used to determine the number of components placed in the "safe zone." Statistical analysis was performed with the use of SAS software (SAS Institute, Raleigh, NC).

Results {#sec3}
=======

Of the 30 enrolled patients, 29 had an appropriate CT scan obtained. One patient had a CT scan performed without adherence to the protocol precluding reference of femoral version to the axes of the knee and was excluded from the results.

The mean acetabular abduction and anteversion were 39.3° (standard deviation \[SD\] = 4.2°) and 27.2° (SD = 4.7°), respectively. The mean stem anteversion was 17.5° (SD = 10.8°) from the TEA and 21.7° (SD = 11.3°) from the PCA. Ten of the 30 cups were placed inside of the "safe zone" of Lewinnek for acetabular anteversion, but all cups were within the "safe zone" for abduction ([Fig. 1](#fig1){ref-type="fig"}).Figure 1The Lewinnek "safe zone." Ten of the 30 cups were placed inside of the "safe zone" of Lewinnek for acetabular anteversion, but all cups were within the "safe zone" for abduction.

Combined femoral and acetabular component anteversion from the TEA resulted in 79% (23 of 29) of patients within the "safe zone" of 25°-50° with accurately oriented components ([Fig. 2](#fig2){ref-type="fig"}).Figure 2Combined anteversion. Combined femoral and acetabular component anteversion.

Pearson correlation coefficients were high for both stem anteversion from the TEA (R = 0.96) and the PCA (R = 0.98); however, the kappa coefficient for interobserver reliability for combined component anteversion was greater for the TEA (kappa = 0.83 vs 0.65).

Discussion {#sec4}
==========

Component positioning has been recognized as an important factor in the long-term survival of THA \[[@bib5],[@bib12],[@bib26]\]. Muller et al. \[[@bib27]\] suggested a cup anteversion of 10°-15° and femoral anteversion of 10° to be ideal. Lewinnek et al. \[[@bib5]\] followed with their study that found a lower dislocation rate when the acetabular components were positioned in a safe zone of 30°-50° of inclination and 5°-25° of anteversion. A study by Biedermann et al. \[[@bib28]\] found the lowest dislocation rates with acetabular components positioned at 45° of inclination and 15° of anteversion. More recently, Dorr proposed a CV safe zone of 25°-50° based on previous anatomical studies and his experience with decreased instability in this range \[[@bib15]\].

Many authors have begun to appreciate the importance of the combined femoral and acetabular anteversion on dislocation rates and impingement \[[@bib3],[@bib11],[@bib12],[@bib29]\]. Ranawat and Maynard \[[@bib6]\] suggested the importance of the combination of femoral and acetabular anteversion and recommended 45° for women and between 20° and 30° for men. Jolles et al. \[[@bib12]\] found that when the combined anteversion was outside of a range of 40°-60°, the patient's dislocation was 6.9 times higher. Hisatome and Doi \[[@bib29]\] examined combined anteversion in a mathematical model to find the optimum positions to avoid neck impingement with different sized components. They recommended an ideal position, while not accounting for patient's pelvic inclination, of 45° of cup abduction, 25° of cup anteversion, and 25° of stem antitorsion.

Other studies have examined the combined component anteversion after lateral or posterior approach THA. Reikerås and Gunderson \[[@bib30]\] utilized postoperative CT scans in 91 patients after either posterior or lateral approach THA and found that only 60.4% of their patients had a combined anteversion within the acceptable safe zone. Wassilew et al. \[[@bib31]\] evaluated THAs performed using an anterolateral approach with navigation, and they found that 88% of their patients were within the CV safe zone of 25°-50°.

A study by Nogler et al. \[[@bib24]\] examined the ability of the DA approach to position the femoral and acetabular components with and without navigation. However, the present study is the first to analyze CV in the DA-THA. We used the TraumaCad (Voyant Health, Columbia, MD) software tool, which was found to have good intraobserver and interobserver reliability but can underestimate acetabular anteversion by as much as 12° \[[@bib32]\]. Despite the potential for underestimation of anteversion, we believe that a standing radiograph more accurately represents the patient\'s functional anteversion and accounts for the patient\'s lumbar or pelvic tilt because of the difficulties in the estimation of tilts with supine radiographs \[[@bib33], [@bib34], [@bib35]\]. This notion is supported by the work of Hayakawa et al that found a statistically significant difference between intraoperative and postoperative radiographs in 100 consecutive patients for both anteversion and vertical tilt \[[@bib35]\].

Impingement can lead to abnormal wear patterns or dislocation. Our study found that 17% of patients had CV greater than 50°, outside of the safe zone. However, when the femoral and acetabular components were analyzed independently, 20 of 30 patients had "excessive" anteversion of the acetabular component. Intraoperative stability assessments did not identify any impingement. There was less variability in acetabular component version than in femoral version. With uncemented femoral components, femoral anteversion is largely dictated by proximal femoral geometry. Therefore, some surgeons have recommended a femur-first technique to better address this variability and "fine-tune" version on the acetabular implant \[[@bib36]\]. Our results are comparable with those of similar series that included the posterior or lateral approach THA with and without navigation, with 88% and 60.4% of the components within the safe zone for CV, respectively \[[@bib30],[@bib31]\]. We are unable to conclude that our results are superior based on the small sample size in our study, but this should be investigated further with a larger series.

We used both the PCA and the TEA for measurements to determine femoral component anteversion. Interestingly, we found a slightly higher interobserver reliability with the TEA measurements than with the PCA. This may reflect the difficultly of locating the point of maximal posterior bone in the condyle with a fine-cut CT scan. The differential radii of the femoral condyles and the extremity orientation relative to the CT scanner may influence the appearance of the most posterior projection of the condyles. This could cause the most posterior condylar projection to be on separate cuts of the CT scan. Authors may consider using the TEA primarily for femoral version measurements with axial imaging or 3-dimensional imaging techniques.

There are several potential limitations for this study. First, the number of patients in this study was 30. A small sample size may not reflect the variability of patient anatomies. The single-surgeon cohort may limit the generalizability of these results. The use of plain radiographs instead of CT to assess acetabular component position may be a limitation. The CT may be more accurate in determining acetabular anteversion and abduction. However, most surgeons who perform the DA-THA utilize the standing AP pelvis radiograph to position the acetabular component. It has been previously shown that the supine position of the acetabular component varies from supine to standing radiographs, and therefore, we chose to utilize a standing pelvis AP radiograph to determine the implant position. Many accepted modern studies have relied on AP radiographs to determine both anteversion and abduction angles for acetabular components \[[@bib37], [@bib38], [@bib39]\]. Finally, this study did not assess the spinopelvic relationship. Abdel et al. recently demonstrated that most dislocations occurred within the "safe zone" \[[@bib39]\] and it is possible that other factors are as important for stability as implant position.

As this study represents the first to examine CV in DA-THA with postoperative axial imaging, we found that the DA approach allowed for placement of components with CV within the acceptable range for most patients. In this study, excessive anteversion of the acetabular component based on Lewinnek's "safe zone" was the most common component orientation error. However, this may simply represent a single surgeon's component orientation preference and may not necessarily be generalizable. Even with limited visualization of the proximal femur, the DA approach can reproducibly yield a high percentage of THA components in the "ideal" position for CV.
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